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(54) Reducing subterranean formation water permeability 



(57) The water permeability of a subterranean for- 
mation is reduced by introducing into the formation a wa- 
ter flow resisting chemical which attaches to adsorption 
sites on surfaces within the porosity of the formation and 
reduces the water permeability thereof without substan- 



tially reducing the hydrocarbon permeability thereof. 
The water flow resisting chemical is comprised of a pol- 
ymer of at least one hydrophillc monomer and at (east 
one hydrophobteally modified hydrophilic monomer 
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Description 

[0001) The present invention re.atas to a method o, treating a water and hydrocarbon producing subterranean for- 

mation to reduce the ^^^J^L^ , a oll ^ ga8 , from wells constitutes a major problem and 
[00021 The production of ^^J^^^^^^^g we.to are usual* completed in hydro- 
expense in the production of the W™^* o ™^^ of water oil or when there are water producing 
carbon producing formations. HyTthe water often allows it to flow into the well- 

zones nearthe hydrocarbon ^^^ ,0 "^'^^Cw^«rf natural fractures and/or high permeability 
bore, wbich penetrate the ^ d ^^^"^^l^L recovered often become so high that the 

S, --reduce^ 

water zones within and adjacent to M ^ "^ h ^lTth?undes.red water. White the use of 
causes them to form stiff gels which aid In 8t0 PP^!^!ed wate? has achieved varying degrees of success, 
aqueous polymer solutions for reducing the production ^£2d^£I« unle88 J polymer soluOon can be 
the full blocking ge* produced are not suitabte 'o^u^o^on treajnenU M JXed to gel within a 
pieced solely in the offending water P"^"^^^^, re S»or stop the flow of hydrocarbons in 
hydrocarbon producing zone, the cross-linked ma producing tension requires expensive. 

additiontothef.owofwater.These.ectedpl^ 
time-consuming zonal isolation placernenttechn^ 

a water producing zone, the ^^^^^"^^ ^^li cross-iinker and the like, 
and/or differences in the adsorption ^abTrty ^SteThave been utilized to decrease the 

[0004] More recently, chemical, referred to as relatrve P*^^.^" emlcal. such as polyacrylamide have 
Production of water wnh hydrocarbons. That * ""P™"^ ^mat ^^taVa^ch to adsorption s»es on 
been introduced into hydrocarbon andwa^ 

surfaces w tt hinme P orosi ? o««h^o^ 

the flow of water through the formations while having a Hmmn, roducing formations to decrease the pro- 

terranean formation to reduce oTai teatt oT hydrophite monomer and at least one hydro- 

a water flow resisting chemical comprised of a pofymei •« fat»a« one y p m ^ ^ 

phobicaity modified hydmphHic monomer. ^^P^^^^T^ucingthe hydrocarbon permeability, 
of said formation to reduce the water permeability l 1 "™^^"^*^^^ ^ OT « invention ,ndude, 
[00071 Exampfcsofpanicu.a^a^^ 
but are not limited to. an ^^ id *!^^^ 

potymers « preferebty in the range of ^J^^^SZ ^ ated in an aqueous carrier liquid solution 
SKl The polymer utilized can «^^o' fola^nls contald with me solution and the 

and overflushed with a water compare with the fojmatio ^secondary overflush of a hydrocarbon such 

-r^oTgasIn^ 
loo^eTo^e^r^ 
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and hydrophobically modified hydrophilic monomers. 

[0011] Examples of particularly suitable hydrophBic monomers which can be utilized include, but are not limited to, 
acrylamide, 2-acrylamido-2-methyt propane sulfonic acid, N,N-dmethylacrylamide, vinyl pyrrolidone, dimethylaminoe- 
thyl methacrylate, acrylic acid, dimethylaminopropylmethacrylamide. trimethy (ammonium ethyl methacrylate chloride. 
5 methacrylamide and hydroxyethyl acrylate. Of these, acrylamide, 2-acrylamido-2-methyl propane sulfonic acid, acrylic 
acid, dimethyiaminoethyl methacrylate and vinyl pyrrolidone are preferred. 

[0012] A variety of hydrophobicafty modified hydrophilic monomers can also be utilized to form the polymers useful 
in accordance with this invention. Particularly suitable hydrophobically modified hydrophilic monomers include, but are 
not limited to, alkyl acrytates, alkyl methacrylates, alkyi acrylamldes and alkyl methacrylamides wherein the aikyt rad- 
io icate have from about 4 to about 22 carbon atoms, alkyl cfimethytammoniumethyl methacrylate bromide, alkyl dimeth- 
yiammoniumethyl methacrylate chloride and alkyl dimethylammoniumethyl methacrylate iodide wherein the alkyl rad- 
icals have from about 4 to about 22 carbon atoms and alkyl dimethylammoniunvpropylmethacrylamide bromide, alkyl 
dimethylammonlum propytmethacrytamide chloride and alkyl dimethylarnmoniumpropylmethacrylamide iodide wherein 
the alkyi groups have from about 4 to about 22 carbon atoms. Of these, octedecytdimethytarnmoniumethyt methacrylate 
13 bromide, hexadecyldimemyl-ammoniumethyl methacrylate bromide, hexadecytdimethylammoniumpropyl methacryla- 
mide bromide, 2-ethyihexyl methacrylate and hexadecyl methacrylamide are preferred. 

[0013] Polymers which are useful In accordance with the present invention can be prepared by polymerizing any 
one or more of the hydrophilic monomers with any one or more of the hydrophobically modified hydrophilic monomers. 
While the polymerization reaction can be performed in various ways, an example of a particularly suitable procedure 

20 for polymerizing water soluble monomers is as follows. Into a 250 mL-3 neck round bottom flask, charge the following: 
47.7 g Dl water, 1 .1 g acrylamide and 0.38 g alkyl dimethylammoniumethyl methacrylate bromide. The solution formed 
is sparged with nitrogen for approximately 30 minutes, followed by the addition of 0.0127 g of 2,2 l -azobis (2-amidino- 
propane) dihydrochloride. The resulting solution is then heated, with stirring, to 11 0°F and held for 18 hours to produce 
a highly viscous polymer solution. 

25 [0014] When the hydrophobically modified hydrophilic monomer is not water soluble, e.g., octadecy (methacrylate, 
the following procedure can be utilized. Into a 250 mL-3 neck round bottom flask, charge the following: 41 .2 g Dl water 
and 1 .26 g acrylamide. The solution formed is sparged with nitrogen for approximately 30 minutes, followed by the 
addition of 0.06 g of octadecyl methacrylate and 0.45 g of a cocoamidopropyl betaine surfactant. The mixture is stirred 
until a homogeneous, clear solution is obtained followed by the addition of 0.0055 g of 2,2'-azobis (2-amldinopropane) 

30 dihydrochloride. The resulting solution is then heated, with stirring, to 1 1 0° F and held for 1 8 hours to produce a highly 
viscous polymer solution. 

[0015] In addition, the polymerization procedure may employ a hydrocarbon reaction medium instead of water. In 
this case, appropriate surfactants are used to emulsify the hydrophilic/hydrophobic monomers, and the product is 
obtained as an oD external/water internal emulsion. 

35 [001 6] Suitable polymers prepared as described above have estimated molecular weights in the range of from about 
250,000 to about 3,000,000 and have mole ratios of the hydrophilic monomer(s) to the hydrophobically modified hy- 
drophilic monomer(s) in the range of from about 99.98:0.02 to about 90:1 0. Particularly suitable polymers having mo- 
lecular weights and mole ratios in the ranges set forth above include, but are not limited to, an acrylamide/octadecyld- 
imethylammoniumethyl methacrylate bromide copolymer, a dimethyiaminoethyl methacrylate/hexadecyldimethylam- 

40 moniumethyl methacrylate bromide copolymer, a dimethyiaminoethyl methacrylate/vinyt pyrrolidone/hexadecyldimeth- 
ylammoniumethyl methacrylate bromide terpofymer and an acrylamide/2-acrylamido-2-methyt propane sulfonic acid/ 
2-ethylhexyl methacrylate terpofymer. Of these, an acrylamide/octadecyl dimethylammoniumethyl methacrylate bro- 
mide copolymer having a mole ratio of hydrophilic monomer to hydrophobically modified hydrophilic monomer of 96: 
4 is presently preferred. 

45 [001 7] An improved method of this invention for treating a water and hydrocarbon producing subterranean formation 
to reduce the water permeability thereof without substantially reducing the hydrocarbon permeability thereof is com- 
prised of the following steps. A polymer of at least one hydrophilic monomer and at least one hydrophobically modified 
hydrophilic monomer is prepared having a molecular weight in the range of from about 100,000 to about 10,000,000 
and having a mote ratio of hydrophilic monomers) to hydrophobically modified hydrophilic monomer(s) in the range 

50 of from about 99.98:0.02 to about 90:10. Thereafter, the polymer is introduced into the subterranean formation to be 
treated so that the polymer attaches to adsorption sites on surfaces within the porosity of the formation. 
[0018] In carrying out the above described method, the polymer is preferably dissolved in an aqueous earner liquid 
and the resulting solution containing the polymer is introduced into the formation. The aqueous carrier liquid can be 
fresh water, seawater, or an aqueous salt solution. The aqueous carrier liquid is preferabff an aqueous salt solution 

55 containing one or more salts in an amount in the range of from about 2% to about 10% by weight of the solution. A 
variety of salts can be utilized in the aqueous solution such as potassium chloride, sodium chloride, ammonium chloride 
and calcium chloride. 

[0019] In order to facilitate the flow of the carrier liquid solution containing the polymer into the formation being 
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Example 1 

[0022] vadouscat^hydropn^ 

SL described above by reacting ^fV 1 ^^^^ ^ bSenyl dimethylammoniunvethyl 
1-bromodocosane (behenyi bromide) to P^^J^^SS^dBed hydrophillc monomers andacryta- 
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chloride. 

[0025] The following procedure was utilized for a first series of tests, the results of which are shown in Table II below. 
The above descrbed brine was flowed through the Berea core until the pressure stabilized, yielding an initial perme- 
ability. The polymer or copolymer tested was dissolved in the above described brine in an amount of 2.000 parts per 

5 million, and 1 00 milliliters of the treatment solution containing the polymer or copolymer was flowed into the core and 
overfished through the core with 1 00 milliliters of the above described brine : both of which were flowed in the opposite 
direction to the initial brine flow. The brine flow was then resumed in the original direction until the pressure again 
stabilized and final permeability was calculated. The percent brine permeability reduction was calculated using the 
formula [1 -(final permeability/initial permeability)] x 1 00. The multi-tap Hassler sleeve allowed the core permeability to 

10 be divided into four segments. In the tests, the initial brine flow was from segment 1 through segment 4. The treatment 
solution and displacement brine flow were from segment 4 th rough segment 1 , and the final brine flow was from segment 

1 through segment 4. The initial and final permeabilities were calculated for the middle two segments, i.e., segments 

2 and 3. The results of the tests are set forth in Table II below. 

is TABLE II 



Permeability Reduction In Berea Sandstone At 175° 


Polymer or Copolymer No. 


% Brine Permeability Reduction - 


% Brine Permeability Reduction - 




Segment 2 


Segment 3 


1 (Control) 


38 


20 


| 2 


33 


53 


3 


35 


35 


4 


30 


43 


5 


43 


52 


6 


48 


65 


7 


10 


42 


8 


60 


60 


9 


45 


35 



[0026] From Table II, it can be seen that the copolymers of this invention produced greater brine reduction than 
polymer No. 1 (unmodified polyacrylamide). 



Example 2 

[0027] The tests described in Example 1 were repeated except that a dHTerentflow sequence was utilized to simulate 
a subterranean zone which initially produced oil but later "watered out," i.e., produced only brine but still had residual 
oil trapped therein. This scenario was simulated by flowing a sequence of brine and oil (kerosene) through the core. 
In a first set of tests, the sequence was first brine, then ol, then brine, then oil, then brine, then the treatment solution 
and then brine. The third brine flow was used to calculate the initial permeability to brine at residual oil conditions. This 
permeability was used along with the permeability calculated after the final brine flow to determine the percent brine 
permeability reduction. To determine the impact of thermal degradation, following the final brine flow, some testing was 
performed where the core was shut-in at temperature over night and flow was resumed the next day. The brine per- 
meability was determined after the shut-in. 

[0028] Another series of tests were run to simulate what happens if the treatment solution enters an oil-producing 
zone containing residual water. These tests were conducted with a flow sequence of a first brine flow, then an oil flow, 
then a second brine flow, then a second oil flow, then the treatment solution flow followed by a third oil flow. The second 
oil flow was used to calculate the Initial oil permeability and the last oft flow was used to determine the permeability to 
oil after treatment. The percent oil permeability reduction was determined in the same manner as descrbed above for 
determining the percent brine permeability reduction. The results of these tests are given in Table ill below. 
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Polymer or 
Copolymer 
No. 


Pel 

% Brine 
Permeability 
Reduction 
-Segment 2 


tneabllity Redu 

% Brine 
Permeability 

Reduction 
-Segment 3 


I ADLC III 

ction In oerea 

% Brine 
Permeability 
Reduction 
-Segment 2 
24 Hour 
Shut-in 


% Brine 
Permeability 
Reduction 
-Segment 3 
24 Hour 
Shut-in 


r6°F 

% Oil 
Permeability 
Reduction 
-Segment 2 


%oa 

Permeability 
Reduction 
-Segment 3 


1 (Control) 

; 3 

4 
5 

10 
11 


n 25 
45 
55 
45 
35 
55 


45 
55 
72 
70 
50 
75 


-65 
35 


-JO 

50 


-30 
20 
-50 


0 

-10 
-40 

kfinn normoflhititl 



[0029] F^Tabtelll.«canbe«eenthatmocopo = ».«»."" 

reduction as compared to polymer No^l ^^JJLmld.) lost effectivenesa after 24 hcura. In comparison, 
[00301 ft can atao be seen £^1. The percent oi. permeabi.fly reduction numbers 
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Example 3 

[0031, The^tsdescribed^amp^ 
2Vwe!e repeated except that a different f tow seque^ 

oil, thenbrine.Thesecondbrineflow was used ^^^™"J u P i ed thr0 ugh the core with 100 milliliters of brine 
The treatment solution was then flowed ^^^^^t^Lment and overflush stages, brine flow was 
which was followed by 25 milliliters of ^^^^2^^ pemieability reduction in segments 2 and 

TABLE IV . 

Permeability Reduction In Berea Sandtone At 175»F 



43 



SO 



Polymer or 
Copolymer No. 



1 

12 
13 
10 
14 
15 



% Brine 
Permeability 
Reduction - 
Segment 2 



40 
42 
65 
72 
65 
78 



% Brine 
Permeability 
Reduction - 
Segment 3 



63 
68 
85 
78 
82 
83 



% Brine 
Permeability 
Reduction - 
Segment 2 
24 Hour 
Shut-in 



0 

32 

55 

58 

48 

76 



% Brine 
Permeability 
Reduction - 
Segment 3 
24 Hour 
Shut-in 



17 
60 
80 
68 
74 
83 



effectiveness after the 24 hour shut-in. 
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Claim 

1 . A method of treating a water and hydrocarbon producing subterranean formation to reduce the water permeability 
thereof, which method comprises introducing into said formation a water flow resisting chemical comprised of a 
polymer of at least one hydrophilic monomer and at least one hydrophobically modified hydrophilic monomer, 
which polymer attaches to adsorption sites on surfaces within the porosity of said formation to reduce the water 
permeability thereof without substantially reducing the hydrocarbon permeability. 

2. A method according to claim 1, wherein said hydrophilic monomer is selected from acrylamide, 2-acrylamido- 
2-methyl propane sulfonic acid, N,N-dimethylacrylamide, vinyl pyrrolidone, dimethylaminoethyl methacrylate, 
acrylic acid, dimethylaminopropylmethacrylamide, trimethylammoniumethyl methacrylate chloride, methacryla- 
mide and hydroxyethyt acrylate. 

3. A method according to claim 1 or 2, wherein said hydrophobically modified hydrophilic monomer is selected from 
alkyl acrylates, alkyt methacrylates, alkyl acrylamides and alkyl methacrylamides wherein the alkyl radicals have 
from 4 to 22 carbon atoms; alkyl dimethylammoniumethyl methacrylate bromide, alkyl dimethylammoniumethyl 
methacrylate chloride and alkyl dimethylammoniumethyl methacrylate iodide wherein the alkyl radicals have from 
4 to 22 carbon atoms; and alkyl dlmethylammonium propylmethacrylamide bromide, alkyl dlmethylammonium pro- 
pylmethacrylamide chloride and alkyl dimethylammonium propylmethacrylamide iodide wherein the alkyl groups 
have from 4 to 22 carbon atoms. 

4. A method according to claim 1 , 2 or 3, wherein the mole ratio of said hydrophilic monomer to said hydrophobically 
modified hydrophilic monomer in said polymer is from 99.98:0.02 to 90:10. 

5. A method according to claim 1 , 2, 3 or 4, wherein said polymer is selected from an acrylamide/octadecyldimeth- 
ylammoniumethyl methacrylate bromide copolymer, a dimethylaminoethyl metrtacrylate/hexadecyldrnethylammo- 
niumethyl methacrylate bromide copolymer, a dimethylaminoethyl methacrylate/vinyl pyrrolidone/ hexadecyld- 
imethylammoniumethyl methacrylate bromide terpolymer and an acrylamide/2-acrylamido-2-methyl propane sul- 
fonic acid/2-ethylhexy I methacrylate terporymer. 

6. A method according to any of claims 1 to 5, wherein said porymer has a molecular weight in the range of 1 00 000 
to 10,000,000. 

7. A method according to any of claims 1 to 6, wherein said polymer is dissolved in an aqueous carrier liquid, preferably 
an aqueous salt solution. 

8. A method according to claim 7, wherein the carrier liquid is an aqueous salt solution selected from potassium 
chloride, sodium chloride, ammonium chloride and calcium chloride, the salt being present in said aqueous salt 
solution in an amount of from 2% to 1 0% by weight of said solution. 

9. A method according to claim 7 or 8, wherein said aqueous carrier liquid solution further comprises a surfactant 
dissolved therein, preferably cocoylamidopropylbetaine in an amount of from 0.1 % to 2% by weight of said carrier 
liquid solution. 

10. A method according to any of claims 1 to 9, which further comprises the step of Introducing a hydrocarbon liquid 
or a gas into said formation after the Introduction of said water flow resisting chemical therein, said hydrocarbon 
liquid preferably being kerosene, diesel oil or crude oil, and said gas preferably being methane, natural gas or 
nitrogen. 
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